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(57)  Proposed is a flow measurement system that
creates distance information and flow velocity informa-
tion of each of a plurality of measurement areas in a Field
of View (FOV) zone of the surface of a river using radar
electromagnetic waves by means of a multipoint radar
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flow velocity meter and that calculates a flow rate using
the distance information and flow velocity information of
each of the plurality of measurement areas, and mete-
orological observation information, level information, etc.
of a river by means of an RTU.
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Description

[0001] The present application claims priority to Korean Patent Application No. 10-2023-0049358, filed April 14, 2023
and Korean Patent Application No. 10-2023-0056848, filed May 2, 2023 the entire contents of which are incorporated
herein for all purposes by this reference.

BACKGROUND
Technical Field

[0002] The present invention relates to a flow measurement system, and a multipoint radar flow velocity meter and
an RTU for the flow measurement system. The present invention relates to a flow measurement system that creates
distance information and flow velocity information of each of a plurality of measurement areas in a Field of View (FOV)
zone of the surface of a river using radar electromagnetic waves by means of a multipoint radar flow velocity meter and
that calculates a flow rate using the distance information and flow velocity information of each of the plurality of meas-
urement areas, and meteorological observation information, level information, etc. of a river by means of an RTU, and
a multipoint radar flow velocity meter and an RTU for the flow measurement system.

Description of the Prior art

[0003] It is necessary to monitor the flow rate of rivers in order to efficiently use the rivers and prevent disasters due
to water such as a flood. In particular, flow rate data is the most basic and important data for water use, water control,
and water quality management, such as efficient plan and management of water resources, water quality management
such as a total water pollution load management system, designing of hydraulic structures, and flood prediction.
[0004] Real-time data, data accumulated over a long term, and continuous flow rate data are needed to improve
usability of the flow rate of rivers. As direct method for producing continuous flow rate data, there are a method of making
and using a level-flow rating curve from the relationship between flow rates measured a limited number of times and the
level of a river at the same times, a method of using an automatic flow rate measurement facility that measures a flow
velocity or a flow rate in real time by installing a facility at a river that can measure a flow velocity or a flow rate at a river,
etc. Further, as an indirect method of producing flow rate data, there is a method of using a structure, etc. such as a
slope-area method.

[0005] However, this prior art has defects of low accuracy in measurement of a flow velocity, a limited measurement
range of a flow velocity, and a need of expensive flow velocity measurement equipment. Accordingly, it is continuously
required to improve systems for measuring a flow velocity and a flow rate.

[0006] An ‘Electric wave surface current meter’ of Korean Patent No. 10-0204980 and a ‘Microwave water surface
current meter for low and high flows’ of Korean Patent N. 10-1152454 were designed to be able to safely, simply, and
accurately measure the flow rate of a river even without direct contact with water. These meters acquire a surface flow
velocity by emitting an electromagnetic wave to a water surface that has irregular waves, receiving a signal reflecting
from the water surface, and computing a frequency by Doppler effect.

[0007] The prior art that measures a flow velocity of a river using electromagnetic waves can measure a flow velocity
at one point at one time, so, in order to measure flow velocities at several points, it is required to measure a flow velocity
while changing the measurement direction of a flow velocity meter or measure flow velocities using several flow velocity
meters. Accordingly, the prior art wastes a lot of manpower and time.

[0008] Further, according to the prior art, when the flow velocity of a river is low, the accuracy of the flow velocity that
is measured by a flow velocity meter is low, and when a flow velocity is measured at a point departing from the flow
direction of a river, an error is generated, but this error is not corrected.

SUMMARY

[0009] The presentinvention has been made in an effort to solve the problems of the prior art and an objective of the
present invention is to provide a flow measurement system that simultaneously measure distance information and flow
velocity information of each of a plurality of measurement areas in a Field of View (FOV) zone of the surface of a river,
to which a transmission electromagnetic wave is emitted, using a multipoint radar flow velocity meter, that can accurately
measure a flow velocity at a measurement area with a low flow velocity, that accurately measures flow velocities at areas
departing from the flow direction of a river of measurement areas of an FOV zone through correction, and that accurately
measures the flow rate of a river by converting the information obtained from the multipoint radar flow velocity meter
and various meteorological observation information into big data and by data-mining using an RTU.

[0010] In order to achieve the objectives, a multipoint radar flow velocity meter according to the present invention



10

15

20

25

30

35

40

45

50

55

EP 4 455 620 A1

includes: an antenna module comprising a transmission antenna configured to transmit a radar electromagnetic wave
(hereafter, ‘transmission electromagnetic wave’) and a plurality of reception antennas configured to receive a plurality
reflective electromagnetic waves (hereafter, 'reception electromagnetic waves’) generated by reflection of the radar
electromagnetic wave from a Field Of View (FOV) zone on a surface of a river; and a processor module configured to
create distance information and flow velocity information of each of a plurality of measurement areas in the FOV zone
on the basis of an installation angle of the antenna module and information of the transmission electromagnetic wave
and the plurality of reception electromagnetic waves.

[0011] AnRTU includes: a communication module configured to receive the distance information and the flow velocity
information of each of the plurality of measurement areas included in the FOV zone on the surface of the river from the
multipoint radar flow velocity meter, configured to receive meteorological observation information around the river from
a meteorological sensor, and configured to receive level information of the river from a level sensor; and a control module
configured to calculate a flow velocity of each of a plurality of line areas parallel to a flow direction of the river on the
basis of the distance information and the flow velocity information of each ofthe plurality of measurement areas, configured
to calculate flow velocities at a plurality of flow velocity measurement points corresponding to the flow velocities of the
plurality of line areas on the basis of the meteorological observation information around the river, the level information
of the river, the flow velocities of the plurality of line areas, and preset correction information, and configured to measure
a flow rate of the river on the basis of the flow velocities at the plurality of flow velocity measurement points and the level
information of the river.

[0012] The flow measurement system according to the present closure includes a multipoint radar flow velocity meter
that can remarkably reduce time, costs, and manpower by measuring distance information and flow velocity information
of a plurality of areas in a Field Of View (FOV) zone on the surface of a river and that can accurately measure the flow
rate even of a river with a low flow velocity and an RTU that can accurately measure the flow rate of a river by accurately
measuring the flow velocity on the surface of the river by converting information created by the multipoint radar flow
velocity meter and various meteorological observation information such as the wind direction, wind velocity, and rainfall
around the river into big data and by data-mining. Accordingly, the present invention is very useful for development of
industry.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objectives, features and other advantages of the present invention will be more clearly
understood from the following detailed description when taken in conjunction with the accompanying drawings, in which:

FIG. 1is a diagram showing a schematic configuration of a river flow measurement system according to an embod-
iment of the present invention;

FIG. 2 is a block diagram showing the configuration of a multipoint radar flow velocity meter according to the present
invention;

FIG. 3 is a view showing an example of an actual product of the multipoint radar flow velocity meter according to
the present invention;

FIG. 4 is a diagram showing a process of measuring distance information and flow velocity information of a meas-
urement area;

FIGS. 5A and 5B are diagrams illustrating correcting the flow velocity at a measurement area by applying the height
and the measurement direction of a flow velocity meter;

FIGS. 6A and 6B are diagrams illustrating a method of calculating a distance while excluding signals reflecting from
rocks when calculating the distance between a flow velocity meter and a level measurement area of a river;

FIGS. 7A and 7B are diagrams illustrating generation of multiple beams through digital beam forming;

FIG. 8 is a diagram showing the entire process of a river flow measurement method according to an embodiment
of the present invention;

FIG. 9 is a diagram showing the detailed process of step S2 in FIG. 8;

FIG. 10 is a diagram showing the detailed process of step S3 in FIG. 8;
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FIG. 11, FIG. 12A, and FIG. 12B are diagrams illustrating a plurality of areas in a Field Of View (FOV) zone on the
surface of a river; and

FIGS. 13A and 13B are diagrams showing a method of measuring a flow velocity of a river in the prior art.
DETAILED DESCRIPTION

[0014] FIG. 1 is a diagram showing a schematic configuration of a river flow measurement system 1 according to an
embodiment of the present invention.

[0015] Referring to FIG. 1, the river flow measurement system 1 may include a multipoint radar flow velocity meter
10, a wind direction/wind velocity sensor 20, a rainfall sensor 30, a level sensor 40, and an RTU 50.

[0016] The multipointradar flow velocity meter 10 can transmit an radar electromagnetic wave (hereafter, ‘transmission
electromagnetic wave’), receive a plurality of reflective electromagnetic waves (hereafter, 'reception electromagnetic
waves’) generated by reflection of the transmission electromagnetic wave from a Field Of View (FOV) zone on the
surface of a river, and create distance information and flow velocity information of the surface of the river and relevant
information on the basis of the information of the transmission electromagnetic wave and the plurality of reception
electromagnetic waves. The FOV zone may be an area projected on the surface of a river.

[0017] In particular, the multipoint radar flow velocity meter 10 may be a flow velocity meter that creates distance
information and flow velocity information of each of a plurality of measurement areas (multipoint areas) in an FOV zone.
[0018] The multipoint radar flow velocity meter 10 according to the present invention may be installed at a specific
point on a bridge over a river.

[0019] FIG. 2 is a block diagram schematically showing the configuration of the multipoint radar flow velocity meter
10 according to the present invention and the present invention includes an antenna module 11, an oscillator 12, a
processor module 13, a gyro sensor 14, and a communication module 15.

[0020] Referring to FIG. 3, the multipoint radar flow velocity meter 10 according to the present invention has a body
16, the antenna module 11 is mounted on the front of the body, a control board 17 on which the oscillator 12, the processor
module 13, the gyro sensor 14, the communication module 15, etc. are mounted is mounted on the rear of the body,
and covers 18 and 19 are coupled to both sides of the body, thereby covering and protecting the antenna module 11
and the control board 17.

[0021] The antenna module 11 includes a transmission antenna 111 and a plurality of reception antennas 113.
[0022] Referring to FIG. 3, the transmission antenna 111 and the plurality of reception antennas 113 may be spaced
predetermined distances apart from each other on the same plane. That s, the transmission antenna 111 and the plurality
of reception antennas 113 may be disposed on the same plane. When the transmission antenna 111 and the plurality
of reception antennas 113 are disposed on the same plane, more accurate measurement of a distance, a flow velocity,
etc. can be achieved.

[0023] The transmission antenna 111 transmits a transmission electromagnetic wave and the plurality of reception
antennas 113 receives a plurality of reception electromagnetic waves generated by reflection of the transmission elec-
tromagnetic wave from an FOV zone on the surface of a river.

[0024] The transmission antenna 111 prevents errors in which a transmission electromagnetic wave is not transmitted
by using 2 channels and the reception antenna 113 prevents areas in which a reception electromagnetic wave is not
received in a plurality of measurement areas of FOV (Field of View) zone by using 16 channels.

[0025] The radar electromagnetic wave that is used by the antenna module 11 is in a frequency band composed of
multiple beams having a center frequency of 24.15 GHz and the characteristics are as in the following Table 1 and Table 2.

[Table 1]
Items Characteristics Remarks
Center frequency 2415 GHz
Bandwidth < 200 MHz
Power <20dBm (100mW) EIRP.
[Table 2]
ltems Characteristics Remarks
= Transmission | Reception |:|| nl
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(continued)
ltems Characteristics Remarks
Horizontal beam width +35° +90° -3dB
Vertical beam width +15° +15° -3dB
Maximum gain 14 dBi 10 dBi
Side-lobe Suppression >20dB >20dB

[0026] Referringto FIG. 2, the oscillator 12 includes a reference oscillator 121 that generates an electromagnetic wave
by oscillating DC power, a driving oscillator 123 that generates, amplifies and outputs a radar electromagnetic wave
composed of multiple beams of a frequency band having a center frequency of 24.15 GHz, that is, a transmission
frequency to the transmission antenna 111 using the electromagnetic wave generated by the reference oscillator 121,
and a Phase Locked Loop 125 connecting the reference oscillator 121 and the driving oscillator 123.

[0027] The PLL 125 fixes a phase such that the frequencies of multiple beams that are output from the driving oscillator
123 do not change.

[0028] The radar electromagnetic wave that is generated by the oscillator 12 is Frequency Modulated Continuous
Wave (FMCW), an electromagnetic wave is transmitted in an image form to an FOV zone and a reflective wave is
received, whereby it is possible to calculate distance information and flow velocity information of all of a plurality of
measurement areas and it is possible to recognize solid objects as well such as rocks.

[0029] The processor module 13 creates distance information and flow velocity information of each of a plurality of
measurement areas in the FOV zone on the basis of an installation angle of the antenna module 11 and information of
the transmission electromagnetic wave and the plurality of reception electromagnetic waves.

[0030] FIG. 4 shows a process of measuring distance information and flow velocity information of a measurement
area. Referring to FIGS. 2 and 4, the processor module 13 includes a mixer 131 that mixes (S52) a reception electro-
magnetic wave received (S51) and transmitted by the reception antenna 113 and a transmission electromagnetic wave
generated and transmitted by the oscillator 12, an AD converter 133 that converts (S53) an analog signal output from
the mixer 131 into a digital signal, a calculator 135 that calculates distance information and flow velocity information of
the measurement area using the digital signal of the AD converter 133, and a digital beam former 137 that generates
multiple beams of a frequency band corresponding to the transmission electromagnetic wave by detecting an output
phase of the AD converter 133 and applying a weight to the output phase.

[0031] The calculator 135 can calculate (S55) distance information of each of measurement areas in an FOV zone by
applying primary Fast Fourier Transform (FFT) (S54) to a mixed signal of a transmission electromagnetic wave and a
reception electromagnetic wave that has been converted into a digital signal and can calculate (S57) flow velocity
information of each of a plurality of measurement areas by applying secondary FFT (S56) to a digital reflective signal.
[0032] An FMCW radar electromagnetic wave is an electromagnetic wave that is transmitted and receive in an image
form, so it is possible to know the reception direction of a reception electromagnetic wave that is reflected and received,
it is possible to calculate a distance by acquiring time until an electromagnetic wave is received after being transmitted
through primary FFT, and it is possible to calculate a flow velocity by acquiring a Doppler frequency (fd=f1-f2) that is the
difference between the frequency f1 of a transmission frequency and a reception frequency 2 through secondary FFT.
[0033] Doppler effect means that there is a relative frequency difference (fd=f1-f2) between to a source that generates
waves and a moving object and the frequency difference (fd=f1-f2) is defined as in the following equation by the velocity
v of an object, the wavelength A of waves, and the angle 6 between the velocity direction of the object and the traveling
direction of waves.

fd=f1-£2=(2v+A) xcosB

[0034] Since itis required to receive a reflective wave by motion of water surface in order to measure the velocity of
a river, there should be at least a minimum wave height, and the more the dispersion and the higher the flow velocity
on a water surface, the higher the reliability of a measurement result. The flow velocity on a water surface is computed
by transmitting a predetermined frequency to a water surface, receiving a reflective wave by movement of the water
surface, and comparing the frequency of the transmitted and received signals.

[0035] When the flow velocity of a river is low, measuring the flow velocity by applying a MUSIC algorithm rather than
FFT can increase accuracy. The MUSIC algorithm, which is a spectrum analysis technique that applies the principle
that a noise subspace and a signal subspace are orthogonal to each other when measuring a flow velocity, has the
advantage thatitis robust against noises and can recognize a frequency with animproved resolutionin comparisonto FFT.
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[0036] The gyro sensor 14 measures and provides the installation angle of the multipoint radar flow velocity meter 10,
that is, the installation angle of the antenna module 11.

[0037] The communication module 15 transmits distance information, flow velocity information, etc. of a plurality of
measurement areas calculated by the processor module 13 to the RTU 50. To this end, the communication module 15
may include at least one of a near field communication module or a telecommunication module.

[0038] The multipoint radar flow velocity meter 10 can use a digital beam forming algorithm to measure a flow velocity
by selecting several angles and positions on the basis of setting of distance and angle. FIGS. 5A to 7B are diagrams
illustrating matters relating thereto.

[0039] FIGS. 5A and 5B show the influence on an actual flow velocity Vg by an installation height h and an angle of
a measurement area 52 departing from a Y-axial direction.

[0040] The reason of measuring the distance R of a measurement area and then measuring the flow velocity at the
measurement area in the present invention is for applying the installation height h of the flow velocity meter 10 and the
angle of the measurement area 52 departing from the Y-axial direction to measurement of a flow velocity.

[0041] FIGS. 6A and 6B are diagrams illustrating matters that should be considered in measurement of an actual
velocity.

[0042] A worker can obtain the height of the flow velocity meter 10 and the height hO of the surface of a river through
direct surveying in initial installation and it is possible to calculate the distance RO of a measurement area by transmitting
a radar electromagnetic wave in the installation direction (Y-axial direction; boresight of 0 degree) of the flow velocity
meter 10 directly facing the flow direction of the river, that is, it is possible to compute the height hO from h0=R0 X sin6
using the angle 6 of a gyro sensor, that is, the installation angle 6 of the flow velocity meter 10.

[0043] When the height of the flow velocity meter 10 from the surface of the river is changed by level variation of the
river, it is possible to compute the height h due to the level variation from h=h0XxR-+R0 using the height hO0 in initial
installation, the distance RO of the measurement area in initial installation, and a distance R of the measurement area
measured by emitting a radar electromagnetic wave in the same direction after level variation.

[0044] When there is a fixed object 57 such as a rock in ariver, the specific area with the fixed object is excluded from
calculation of a distance R, calculation of the amount of level variation h0-h, calculation of a flow velocity, etc. Itis possible
to determine whether there is a fixed object on the basis of the intensity of a reception electromagnetic wave.

[0045] According to the present invention, the multipoint radar flow velocity meter 10 can use a digital beam forming
algorithm to measure a flow velocity by selecting several angles and positions on the basis of setting of distance and
angle. ltis possible to analyze an FOV and a search width depending on a distance through beam forming. It is possible
to avoid electromagnetic wave interference between the reception antennas 113 by adding or removing the angle of a
reception electromagnetic wave from the main lobe (or boresight) of a radar electromagnetic wave, and the maximum
range of the surface width of a river can be adjusted.

[0046] A radar electromagnetic wave is composed of a plurality of beams (multiple beams) of which frequencies are
slightly different in a frequency band and the principle of generating multiple beams is as shown in FIGS. 7A and 7B.
[0047] Referring to FIGS. 7A and 7B, when the number of arranged reception antennas 113 is small, the beam with
is large, so accuracy may decrease. Accordingly, 16 channels of reception antennas 113 are applied to the multipoint
radar flow velocity meter 10 of the present invention. Multiple beams can be generated by determining a beam pattern,
calculating each ADC output phase, and the multiplying the output phase by an angle weight. The digital beam former
137 of the processor module 13 calculates the frequencies of the multiple beams and transmits the calculated frequencies
of the multiple beams to the oscillator 12, and the oscillator 12 oscillates and transmits a transmission electromagnetic
wave of a frequency band according to the multiple beams.

[0048] Referring to FIG. 1 again, the wind direction/wind velocity sensor 20 may be a meteorological device that
measures the wind direction, the wind velocity, and the flow rate of wind blowing around a river. To this end, the wind
direction/wind velocity sensor 20 may be equipped with various sensors. The wind direction/wind velocity sensor 20
may be further equipped with a communication module to transmit measured wind direction information and wind velocity
information to the RTU 50.

[0049] The rainfall sensor 30 may be a meteorological device that measures a rainfall that falls on a river. In this case,
the rainfall may be a rainfall per unit time (e.g., minute). The rainfall sensor 30 may be equipped with a communication
module to transmit measured rainfall information to the RTU 50.

[0050] The level sensor 40 may be a device that measures the level of a river. For example, the level sensor 40 can
measure a level at the center area of the surface width of a river. The level sensor 40 may be equipped with a commu-
nication module to transmit a measured level of a river to the RTU 50.

[0051] The RTU (Remote Terminal Unit) 50 can correspond to a server that calculates the flow velocity and the flow
rate of a river. The RTU 50 can measure the flow velocity and the flow rate of a river by receiving river surface-related
information (distance information and flow velocity information of each of a plurality of measurement areas) that is
transmitted from the multipoint radar flow velocity meter 10, meteorological observation information (a measured wind
direction, a measured wind velocity, and a measured rainfall) that is transmitted from the meteorological sensors 20 and
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30, and level information that is transmitted from the level sensor 40, by converting the received various information into
big data, and by data-mining. To this end, the RTU 50 may include a communication module that communicates with
the multipoint radar flow velocity meter 10, the meteorological sensors 20 and 30, and the level sensor 40, a storage
module that stores received information, etc., and a control module that calculates the flow velocity and the flow rate on
the surface of a river.

[0052] FIG. 8 schematically shows a method of measuring the flow velocity and the flow rate on the surface of a river
that is performed by the RTU 50, FIG. 9 shows the detailed process of step S2 shown in FIG. 8, and FIG. 10 shows the
detailed process of step S3 shown in FIG. 8.

[0053] Meanwhile, a method of measuring the flow rate of a river may be repeatedly performed on the basis of a preset
interval.

[0054] In step S1, the RTU 50 can receive meteorological observation information around a river, level information of
the river, and distance information and flow velocity information of each of a plurality of measurement areas of the river.
[0055] The meteorological observation information is transmitted from the meteorological sensors 20 and 30 and may
include a measured rainfall, a measured wind direction, and a measured wind velocity of a river. The level information
of a river can be received from the level sensor 40. The distance information and flow velocity information of each of a
plurality of measurement areas of a river can be received from the multipoint radar flow velocity meter 10. Meanwhile,
though not shown in FIG. 8, the RTU 50 may further acquire position information and installation angle information of
the multipoint radar flow velocity meter 10 from the multipoint radar flow velocity meter 10.

[0056] In step S2, the RTU 50 can calculate a flow velocity at each of a plurality of line areas that is parallel to the flow
direction of a river on the basis of distance information and flow velocity information of each of a plurality of measurement
areas. The flow velocity at each of a plurality of line areas may correspond to the flow velocity at each of a plurality of
flow velocity measurement points according to the prior art.

[0057] Hereafter, step S 2 is described in more detail with reference to FIG. 9, FIG. 11, FIG. 12A, and FIG. 12B.
[0058] For reference, an example in which one multipoint radar flow velocity meter 10 is installed at the center of the
top of a bridge 53 is shown in FIG. 11, FIG. 12A, and FIG. 12B. However, the present invention is not limited thereto.
As another example, one multipoint radar flow velocity meter 10 may be disposed at a certain position on the bridge 53
or two or more multipoint radar flow velocity meters 10 may be installed on the bridge 53 on the basis of the surface
width of a river.

[0059] In step S21, the RTU 50 can set a plurality of line areas each including two or more sub-areas.

[0060] In detail, referring to FIG. 11, a plurality of line areas 55, which is included in an FOV zone 54 of the multipoint
radar flow velocity meter 10, may be set parallel with a flow direction 52 of a river 51. The plurality of line areas 55 may
be spaced apart from each other in the transverse direction of the river 51 (i.e., the width direction of the river). The
plurality of line areas 55 each may include two or more sub-areas 551. In this case, two or more sub-areas 551 may be
spaced apart from each other in the flow direction 52 of the river 51 in a line area 55. FIG. 11 shows three line areas
55a, 55b, and 55c each including five sub-areas 551.

[0061] Meanwhile, as shown in FIG. 11, the numbers of sub-areas 551 may be the same in the line areas 55, but,
according to another embodiment, the numbers of sub-areas 551 may be different in the line areas 55. As an example,
since the largest amount of water flows at the center in the transverse direction of the river 51, the line area 55 (55b in
FIG. 11) at the center in the transverse direction of the river 51 may have more sub-areas 551 than other line areas 55.
[0062] In step S22, the RTU 50 can match a plurality of measurement areas in the FOV zone 54 to two or more sub-
areas 551 of each of a plurality of line areas 55 on the basis of the position and installation angle of the multipoint radar
flow velocity meter 10 and distance information of the plurality of measurement areas.

[0063] That is, a plurality of measurement areas for measuring a distance and a flow velocity through the multipoint
radar flow velocity meter 10 and a plurality of line areas 551 for measuring the flow velocity of the river 51 may not match
with each other. In particular, when the multipoint radar flow velocity meter 10 is installed at another position on the
bridge 53 rather than the center of the bridge 53, a plurality of measurement areas and a plurality of line areas 551 may
not match with each other. Accordingly, in step S22, the RTU 50 can match a plurality of measurement areas and a
plurality of line areas 551 on the basis of the position of the multipoint radar flow velocity meter 10, the installation angle
of the antenna module 11, and distance information of each of the plurality of measurement areas.

[0064] Instep S23, the RTU 50 can set a flow velocity at two or more sub-areas 551 for each of a plurality of line areas
55, that is, a flow velocity at a plurality of sub-areas 551 on the basis of matching information of measurement areas
and sub-areas 551 and flow velocity information of each of a plurality of measurement areas.

[0065] In step S24, the RTU 50 can calculate a median velocity of the flow velocities at two or more sub-areas of each
of a plurality of line areas 55 as the flow velocity at the corresponding line area 55. As described above, the flow velocity
at a line area 55 may correspond to the flow velocity at the flow velocity measurement point.

[0066] Referring to FIGS. 13A and 13B, a plurality of single-point flow velocity meters is installed in a line on a bridge
53 and measures a flow velocity in the prior art. Each of the single-point flow velocity meter can measure only the flow
velocity at a flow velocity measurement point corresponding to itself by transmitting a measurement signal and receiving
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a reflective signal.

[0067] However, as described above, since the level of the river 51 changes in real time, the flow velocity measurement
point of a single-point flow velocity meter changes in real time with the level of the river 51. That is, the higher the level
of the river 51, the smaller the distance between a flow velocity measurement point and a single-point flow velocity meter,
and the lower the level of the river 51, the larger the distance between a flow velocity measurement point and a single-
point flow velocity meter.

[0068] However, when there is a fixed or moving reflective object 57 such as a rock in the river 51, a measurement
signal transmitted from a single-point flow velocity meter hits against the reflective object 57, and accordingly, a reflective
signal having very high intensity or very low intensity is received at the single-point flow velocity meter. Since such a
reflective signal is received, the single-point flow velocity meter cannot accurately measure the flow velocity at the flow
velocity measurement point at which the reflective object 57 exists.

[0069] In other words, since there is no reflective object 57 on a flow velocity measurement line having a first level of
the river 51, all of three single-point flow velocity meters can measure the flow velocities at corresponding flow velocity
measurement points on the velocity measurement line. However, since there is a reflective object 57 on a flow velocity
measurement line having a second level lower than the first level of the river 51, there is a problem that the flow velocity
at the velocity measurement point at which the reflective object 57 exists is not accurately measured, and as a result,
the flow rate of the river 51 is not accurately measured.

[0070] Meanwhile, it is possible to estimate the flow velocity at a velocity measurement point at which a reflective
object 57 exists on the basis of a flow velocity measured by other single-point flow velocity meters adjacent to a specific
single-point flow velocity meter, but this is an estimated flow velocity and is not an accurate flow velocity.

[0071] FIGS. 12A and 12B are diagrams illustrating the concept of measuring a flow velocity of a river 51 using the
multipoint radar flow velocity meter 10 according to an embodiment of the present invention.

[0072] As described above, the multipoint radar flow velocity meter 10 is a multipoint flow velocity meter that can
measure flow velocities at all of a plurality of measurement areas, and velocities in a plurality of line areas 55 are defined
to correspond to flow velocities at flow velocity measurement points. That is, the velocity at a specific line area 55
corresponds to the flow velocity at a specific flow velocity measurement point. Further, the velocity at a line area 55 is
defined as the median flow velocity of the flow velocities at two or more sub-areas 551 included in the line area 55, and
the position and area of an FOV zone 54 change depending on the level of the river 51.

[0073] Since a signal reflecting from a reflective object 57 generally has high signal intensity, the velocity at the line
area 55 corresponding to the signal received from the reflective object 57 does not correspond to a median flow velocity
and is not applied to the velocity at the line area 55. Therefore, according to the present invention, it is possible to
measure all of the flow velocities at a plurality of line areas 55 in both of a river 51 having a first level (FIG. 12A) and a
river 51 having a second level (FIG. 12B), and accordingly, the flow rates of the rivers can be accurately measured.
[0074] Referring to FIG. 8 again, in step S3, the RTU 50 can calculate flow velocities at a plurality of flow velocity
measurement points respectively corresponding to flow velocities at a plurality of line areas on the basis of meteorological
observation information around a river, level information of the river, flow velocities respectively at a plurality of line
areas, and preset correction information.

[0075] The meteorological observation information and the level information were described above. The correction
information may include a rainfall threshold, a range of forward wind direction, a minimum flow velocity and a maximum
flow velocity of each of a plurality of preset level sections, and a plurality of flow velocity correction coefficients respectively
of the plurality of level sections. The correction information may further include a reverse wind velocity threshold that
influences the flow velocity of a river in each of a plurality of level sections.

[0076] In particular, since the velocity of wind blowing around a river 51 influences the surface flow velocity of the river
51, a flow velocity correction coefficient can be defined to more accurately measure the surface flow velocity of the river
51. Further, since the velocity of wind blowing around a river 51 has different influences, depending on the level of the
river 51, different flow velocity correction coefficients may be set for respective level sections. Further, different flow
velocity correction coefficients may be setfor respective level sections, depending on the direction of wind (wind direction).
That is, a flow velocity correction coefficient may have different values, depending on the level of a river 51 and a wind
direction. As an example, when a measured wind direction is the same as the flow direction 52 of a river 51 and a
measured wind velocity exceeds a wind velocity threshold according to a level section of the river 51, a flow velocity
correction coefficient may be set to correspond to a value increased by 30% from the flow velocity of the river 51 when
there is no wind in the same level section.

[0077] Forward and reverse wind direction range (Table 3), a plurality of level sections (Table 4), a minimum flow
velocity and a maximum flow velocity in each of a plurality of level sections (Table 5), and a reverse wind velocity
threshold in each of a plurality of level sections (Table 6) are shown below. Meanwhile, the present invention is not
limited to the tables and correction information may be changed and used in accordance with the actual environments
around rivers.
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[Table 3]
Wind direction | Section of wind direction (°)
Forward 310° ~ 219°
Reverse 220° ~ 309°

[0078] That is, when wind blows in a direction within the range of 310° ~ 219° from the flow direction 52 of a river 51,
the wind can be defined as blowing forward over the river 51, and when wind blows in a direction within the range of
220° ~ 309°, the wind can be defined as blowing reversely over the river 51.

[Table 4]
Minimum level (m) | Maximum level (m) | Level section (level)
0 1 1
1 2 2
2 3 3
[Table 5]
Level section (level) | Minimum flow velocity (m/s) | Maximum flow velocity (m/s)
1 0.5 1.5
2 0.8 3
3 1.1 45
[Table 6]
Level section (level) | Reverse wind velocity (m/s)
1 3
2 4

[0079] The process thatis performed in step S3 is described in more detail hereafter with reference to the above tables
and FIG. 10.

[0080] The matters described with reference to FIG. 10 may be individually performed for each of a plurality of line
areas 55 and may be periodically performed.

[0081] FIG. 10 is a flowchart schematically showing step S3.

[0082] In step S302, the RTU 50 can determine whether a measured rainfall is smaller than a preset rainfall threshold.
The measured rainfall and the rainfall threshold may be a rainfall per unit time (e.g., a rainfall per one minute).

[0083] In detail, when it rains a lot to the surface of a river 51, a measurement signal transmitted from the multipoint
radar flow velocity meter 10 may be reflected or dispersed by raindrops hitting against the river 51, and accordingly, the
surface flow velocity of the river 51 is not accurately measured. Accordingly, step S302 may correspond to a hunting
value removal determination process of a surface flow velocity according to a measured rainfall.

[0084] When it is determined that a measured rainfall is larger than or equal to a rainfall threshold in step S302, the
RTU 50, in step S304, can calculate the flow velocity at a flow velocity measurement point in the previous interval as
the flow velocity at the flow velocity measurement point in the current interval. That is, the RTU 50 can remove a hunting
value of the surface flow velocity in the current interval and calculate the flow velocity in the previous interval as the flow
velocity in the current interval. The flow velocity at the flow velocity measurement point in the previous interval can be
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stored in the storage module of the RTU 50.

[0085] When itis determined that a measured rainfall is smaller than a rainfall threshold in step S302, the RTU 50, in
step S306, can select a first level section including the level (i.e., the current level) of the river 51 from a plurality of
preset level sections (see Table 4).

[0086] Thereafter, in step S308, the RTU 50 can determine whether the flow velocity at a line area 55 calculated in
step S2 is lower than the maximum flow velocity of the first level section (see Table 5).

[0087] In detail, the water of the river 51 flows at a flow velocity within a preset maximum flow velocity. In this case,
the surface flow velocity of the river 51 may be measured as being higher than the actual surface flow velocity due to a
measurement error of the multipoint radar flow velocity meter 10, the environment around the river 51, etc., whereby a
flow velocity measurement error may be generated. That is, step S308 may correspond to a determination process on
hunting value removal of a surface flow velocity by a measurement error of the multipoint radar flow velocity meter 10, etc.
[0088] In particular, since there is the relationship that the higher the level of the river 51, the higher the maximum
flow velocity of the river 51, a maximum flow velocity of the river 51 may be individually set for each of a plurality of level
sections and the RTU 50 can select a maximum flow velocity of the river 51 in a first level section corresponding to the
level of the river 51 and then can compare the flow velocity at the line area 55 and the maximum flow velocity of the
river 51 in the first level section.

[0089] When itis determined that the flow velocity at the line area 55 is higher than or equal to the maximum flow
velocity of the first level section in step S308, the RTU 50, in step S304, can calculate the flow velocity at a flow velocity
measurement point in the previous interval as the flow velocity at the flow velocity measurement point in the current
interval. That is, the RTU 50 can remove a hunting value of the surface flow velocity in the current interval and calculate
the flow velocity in the previous interval as the flow velocity in the current interval.

[0090] When it is determined that the flow velocity at the line area 55 is lower than the maximum flow velocity of the
first level section in step S308, the RTU 50, in step S310, can determine whether the flow velocity at the line area 55 is
higher than the minimum flow velocity of the first level section (see Table 5).

[0091] Whenitis determined thatthe flow velocity at the line area 55 is lower than or equal to the minimum flow velocity
of the first level section in step S310, the RTU 50, in step S312, can determine whether a measured wind direction is
included in a range of forward wind direction (see Table 3).

[0092] When it is determined that the measured wind direction is not included in the range of forward wind direction
in step S312, that is, when it is determined that the measured wind direction is included in a range of reverse wind
direction, the RTU 50, in step S314, can determine whether a measured wind velocity is lower than the preset reverse
wind velocity threshold in the first level section. According to an embodiment, the reverse wind velocity threshold may
have a value that is proportioned to the degrees of level sections. That is, the higher the level of the river 51, the higher
the reverse wind velocity threshold may be set.

[0093] Meanwhile, step S314 may be omitted, depending on the environment around the river 51. In this case, when
it is determined that a measured wind direction is included in the range of reverse wind direction in step S312, step S304
may be performed.

[0094] Whenitis determined thatthe flow velocity at the line area 55 is lower than or equal to the minimum flow velocity
of the first level section, a measured wind direction is included in the range of reverse wind direction, and a measured
wind velocity is higher than or equal to the reverse wind velocity threshold of the first level section in step S310 to step
S314, the RTU 50, in step S304, can calculate the flow velocity at a flow velocity measurement point in the previous
interval as the flow velocity at the flow velocity measurement point in the current interval.

[0095] In detail, when the surface flow velocity of the river 51 is lower than or equal to a minimum flow velocity (i.e.,
a low flow velocity), a measured wind direction is a reverse wind direction, and a measured wind velocity is higher than
the reverse wind velocity threshold of the first level section, wind blowing over the river 51 decreases the surface flow
velocity of the river 51 or generates large waves on the river 51, thereby being able to greatly increase the flow velocity.
In this case, the surface flow velocity of the river 51 is not accurately measured. Accordingly, the RTU 50 can calculate
the flow velocity at a flow velocity measurement point in the previous interval as the flow velocity at the flow velocity
measurement point in the current interval.

[0096] Atleastone of step S310 to step S314, i) when it is determined that the flow velocity at the line area 55 is higher
than the minimum flow velocity of the first level section, or ii) when it is determined that the flow velocity at the line area
55 is lower than or equal to the minimum flow velocity of the first level section but a measured wind direction is included
in the range of forward wind direction, or iii) when it is determined that the flow velocity at the line area 55 is lower than
or equal to the minimum flow velocity of the first level section, a measured wind direction is included in the range of
reverse wind direction, but a measured wind velocity is lower than the reverse wind velocity threshold of the first level
section, the RTU 50, in step S316, can determine whether the measured wind velocity is lower than the wind velocity
threshold of the first level section.

[0097] When itis determined that a measured wind velocity is lower than the wind velocity threshold of the first level
section, the RTU 50, in step S318, can set the flow velocity at the line area 55 as the flow velocity at the flow velocity
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measurement point in the currentinterval. Thatis, when a measured wind velocity is lower than the wind velocity threshold
of the first level section, it is possible to determine that wind blowing over the river 51 does not influence the surface
flow velocity of the river 51. Accordingly, the RTU 50 can set the flow velocity at the line area 55, as it is, as the flow
velocity at the flow velocity measurement point in the current interval.

[0098] When itis determined that a measured wind velocity higher than or equal to the wind velocity threshold of the
first level section, the RTU 50, in step S320, can correct the flow velocity at the line area 55 on the basis of the flow
velocity correction coefficient of the first level section. For example, the RTU 50 can correct the flow velocity at the line
area 55 by adding the flow velocity correction coefficient of the first level section to the flow velocity at the line area 55.
[0099] In this case, the flow velocity correction coefficient for correcting the flow velocity at the line area 55 can be set
or calculated in consideration of the level of the river 51 and the direction of wind blowing over the river 51, as described
above. As an example, the flow velocity correction coefficient may be set to correspond to a value increased by 30%
from the flow velocity of the river 51 in the same level section without wind. That is, an appropriate flow velocity correction
coefficient can be selected and used on the basis of the level of the river 51 and a measured wind velocity.

[0100] As a result, step S3 without step S314 can be performed as follows.

[0101] When a measured rainfall is less than a rainfall threshold, the flow velocity at the line area 55 exceeds the
minimum flow velocity of the first level section and is less than the maximum flow velocity of the first level section, and
a measured wind velocity is less than the wind velocity threshold of the first level section, the RTU 50 can set the flow
velocity at the line area 55 as the flow velocity at a flow velocity measurement point in the current interval.

[0102] When a measured rainfall is less than a rainfall threshold, the flow velocity at the line area 55 is less than the
maximum flow velocity of the first level section and is the same as or lower than the minimum flow velocity of the first
level section, a measured wind direction is included in the range of forward wind direction, and a measured wind velocity
is less than the wind velocity threshold of the first level section, the RTU 50 can set the flow velocity at the line area 55
as the flow velocity at a flow velocity measurement point in the current interval.

[0103] When a measured rainfall is less than a rainfall threshold, the flow velocity at the line area 55 exceeds the
minimum flow velocity of the first level section and is less than the maximum flow velocity of the first level section, and
a measured wind velocity exceeds the wind velocity threshold of the first level section, the RTU 50 can correct the flow
velocity at the line area 55 on the basis of the flow velocity correction coefficient of the first level section and can set the
corrected flow velocity at the line area 55 as the flow velocity at a flow velocity measurement point in the current interval.
[0104] When a measured rainfall is less than a rainfall threshold, the flow velocity at the line area 55 is less than the
maximum flow velocity of the first level section and is the same as or lower than the minimum flow velocity of the first
level section, a measured wind direction is included in the range of forward wind direction, and a measured wind velocity
exceeds the wind velocity threshold of the first level section, the RTU 50 can correct the flow velocity at the line area 55
on the basis of the flow velocity correction coefficient of the first level section and can set the corrected flow velocity at
the line area 55 as the flow velocity at a flow velocity measurement point in the current interval.

[0105] When a measured rainfall exceeds a rainfall threshold, the RTU 50 can set the flow velocity at a flow velocity
measurement point in the previous interval as the flow velocity at the flow velocity measurement point in the current
interval.

[0106] When a measured rainfall is less than a rainfall threshold and the flow velocity at the line area 55 exceeds the
maximum flow velocity of the first level section, the RTU 50 can set the flow velocity at a flow velocity measurement
point in the previous interval as the flow velocity at the flow velocity measurement point in the current interval.

[0107] When a measured rainfall is less than a rainfall threshold, the flow velocity at the line area 55 is less than the
maximum flow velocity of the first level section and is the same or lower than the minimum flow velocity of the first level
section, and a measured wind direction is not included in the range of forward wind direction, the RTU 50 can set the
flow velocity at a flow velocity measurement point in the previous interval as the flow velocity at the flow velocity meas-
urement point in the current interval.

[0108] Referring to FIG. 8 again, in step S4, the RTU 50 can measure the flow rate of the river 51 on the basis of the
flow velocities at a plurality of flow velocity measurement points and level information of the river 51.

[0109] For example, the RTU 50 can measure the flow rate of the river 51 on the basis of a mid-section method, a
mean-section method, etc. Since the mid-section method, the mean-section method, etc. are techniques widely known
in the art, they are not described in detail.

[0110] In short, the river flow measurement system 1 and method according to an embodiment of the present invention
can accurately measure the surface flow velocity of a river by converting various meteorological observation information,
such as a wind direction, a wind velocity, and a rainfall around a river, into big data and by data-mining, and accordingly,
it is possible to accurately measure the flow rate of the river.

[0111] A multipoint radar flow velocity meter, an RTU, and a flow measurement system that have specific shapes and
structures were described above with reference to the accompanying drawings in the description of the present invention,
but it should be noted that the present invention may be changed and modified in various ways by those skilled in the
art and such changes and modifications are included in the protective range of the present invention.
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1. A multipoint radar flow velocity meter comprising:

an antenna module comprising a transmission antenna configured to transmit a radar electromagnetic wave
(hereafter, ‘transmission electromagnetic wave’) and a plurality of reception antennas configured to receive a
plurality of reflective electromagnetic waves (hereafter, 'reception electromagnetic waves’) generated by reflec-
tion of the radar electromagnetic wave from a Field Of View (FOV) zone on a surface of a river; and

a processor module configured to create distance information and flow velocity information of each of a plurality
ofmeasurementareasinthe FOV zone on the basis of an installation angle of the antenna module and information
of the transmission electromagnetic wave and the plurality of reception electromagnetic waves.

2. The multipoint radar flow velocity meter of claim 1, further comprising a gyro sensor configured to provide the
installation angle of the antenna module.

3. Themultipointradar flow velocity meter of claim 1, wherein the radar electromagnetic wave is a Frequency Modulated
Continuous Wave (FMCW), and
the transmission antenna and the reception antennas are disposed on a same plane.

4. The multipoint radar flow velocity meter of claim 1, wherein the processor module comprises:

a mixer configured to mix the transmission electromagnetic wave and the reception electromagnetic waves;
an AD converter configured to convert an analog signal output from the mixer into a digital signal;

a calculator configured to calculate the distance information and the flow velocity information of the measurement
areas using the digital signal of the AD converter; and

a digital beam former configured to generate multiple beams of a frequency band corresponding to the trans-
mission electromagnetic wave by detecting an output phase of the AD converter and adding a weight to the
output phase.

5. The multipoint radar flow velocity meter of claim 1, wherein the processor module

stores in advance a first distance between the multipoint radar flow velocity meter and a level measurement
area of the river at a first point in time and a first vertical distance between the multipoint radar flow velocity
meter and the surface of the river at the first point in time;

calculates a second distance between the multipoint radar flow velocity meter and the level measurement area
at a second point in time on the basis of information of a measurement signal and information of a reflective
signal; and

calculates a second vertical distance between the multipoint radar flow velocity meter and the surface of the
river at the second point in time on the basis of the first vertical distance, the first distance, and the second
distance,

wherein the second point in time is a point in time coming after the first point in time when the first distance
changes out of an error range.

6. The multipoint radar flow velocity meter of claim 1, wherein the FOV zone is an area projected on the surface of the
river, and
a position and an area of the FOV zone change depending on a level of the river.

7. An RTU comprising:

a communication module configured to receive distance information and flow velocity information of each of a
plurality of measurement areas included in a Field Of View (FOV) zone on a surface of a river from a multipoint
radar flow velocity meter, configured to receive meteorological observation information around the river from a
meteorological sensor, and configured to receive level information of the river from a level sensor; and

a control module configured to calculate a flow velocity of each of a plurality of line areas parallel to a flow
direction of the river on the basis of the distance information and the flow velocity information of each of the
plurality of measurement areas, configured to calculate flow velocities at a plurality of flow velocity measurement
points corresponding to the flow velocities of the plurality of line areas on the basis of the meteorological
observation information around the river, the level information of the river, the flow velocities of the plurality of
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line areas, and preset correction information, and configured to measure a flow rate of the river on the basis of
the flow velocities at the plurality of flow velocity measurement points and the level information of the river.

The RTU of claim 7, wherein the control module

sets the plurality of line areas each including two or more sub-areas in the FOV zone, wherein the two or more
sub-areas are spaced apart from each other in the flow direction of the river in the line areas;

matches the plurality of measurement areas to the two or more sub-areas of each of the plurality of line areas
on the basis of an installation position of the multipoint radar flow velocity meter, an installation angle of antennas,
and the distance information of each of the plurality of measurement areas; and

sets flow velocities of the two or more sub-areas of each of the plurality of line areas on the basis of matching
information of the measurement areas and the sub-areas and the flow velocity information of each of the plurality
of measurement areas.

The RTU of claim 8, wherein the control module, for each of the plurality of line areas, arranges the flow velocities
of the two or more sub-areas of the line area in descending order or ascending order and calculates a median flow
velocity of the arranged flow velocities of the two or more sub-areas as a flow velocity of the line area.

The RTU of claim 7, wherein the meteorological observation information includes a measured rainfall of the river,
a measured wind direction, and a measured wind velocity, and

the correction information includes a rainfall threshold, a minimum flow velocity and a maximum flow velocity of
each of a plurality of level sections, a range of forward wind direction, a reverse wind velocity threshold of each of
the plurality of level sections, and a plurality of flow velocity correction coefficients respectively of the plurality of
level sections.

The RTU of claim 10, wherein the control module calculates the flow velocities at the plurality of flow velocity
measurement points at preset intervals, and, for each of the plurality of line areas,

when the measured rainfall is less than the rainfall threshold, the flow velocity of the line area exceeds a minimum
flow velocity of a first level section including a level of the river among the plurality of level sections and is less
than a maximum flow velocity of the first level section, and the measured wind velocity is less than a wind
velocity threshold of the first level section, the control module calculates the flow velocity of the line area as a
flow velocity at a flow velocity measurement point in a current interval,

when the measured rainfall is less than the rainfall threshold, the flow velocity of the line area is the same as
or less than the minimum flow velocity of the first level section, the measured wind direction is included in the
range of forward wind direction, and the measured wind velocity is less than the wind velocity threshold of the
first level section, the control module calculates the flow velocity of the line area as the flow velocity at the flow
velocity measurement point in the current interval,

when the measured rainfall is less than the rainfall threshold, the flow velocity of the line area exceeds the
minimum flow velocity of the first level section and is less than the maximum flow velocity of the first level section,
and the measured wind velocity exceeds the wind velocity threshold of the first level section, the control module
corrects the flow velocity of the line area on the basis of the flow velocity correction coefficients of the first level
section and calculates a corrected flow velocity of the line area as the flow velocity at the flow velocity meas-
urement point in the current interval,

when the measured rainfall is less than the rainfall threshold, the flow velocity of the line area is the same as
or less than the minimum flow velocity of the first level section, the measured wind direction is included in the
range of forward wind direction, and the measured wind velocity exceeds the wind velocity threshold of the first
level section, the control module calculates the corrected flow velocity of the line area as the flow velocity at
the flow velocity measurement point in the current interval,

when the measured rainfall exceeds the rainfall threshold, the control module calculates the pre-stored flow
velocity at the flow velocity measurement point of a pre-stored previous interval as the flow velocity at the flow
velocity measurement point in the current interval,

when the measured rainfall is less than the rainfall threshold and the flow velocity of the line area exceeds the
maximum flow velocity of the first level section, the control module calculates the flow velocity at the flow velocity
measurement point of the previous interval as the flow velocity at the flow velocity measurement point of the
current interval, and

when the measured rainfall is less than the rainfall threshold, the flow velocity of the line area is the same as
or less than the minimum flow velocity of the first level section, and the measured wind direction is not included
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in the range of forward wind direction, the control module calculates the flow velocity at the flow velocity meas-
urement point of the previous interval as the flow velocity at the flow velocity measurement point of the current
interval.

12. Ariver flow measurement system comprising:

a multipoint radar flow velocity meter comprising an antenna module comprising a transmission antenna con-
figured to transmit a radar electromagnetic wave (hereafter, 'transmission electromagnetic wave’) and a plurality
of reception antennas configured to receive a plurality reflective electromagnetic waves (hereafter, 'reception
electromagnetic waves’) generated by reflection of the radar electromagnetic wave from a Field Of View (FOV)
zone on a surface of a river, and the multipoint radar flow velocity meter comprising a processor module con-
figured to create distance information and flow velocity information of each of a plurality of measurement areas
in the FOV zone on the basis of an installation angle of the antenna module and information of the transmission
electromagnetic wave and the plurality of reception electromagnetic waves; and

an RTU comprising a communication module configured to receive the distance information and the flow velocity
information of each of the plurality of measurement areas included in the FOV zone on the surface of the river
from the multipoint radar flow velocity meter, configured to receive meteorological observation information
around the river from a meteorological sensor, and configured to receive level information of the river from a
level sensor, and the RTU comprising a control module configured to calculate a flow velocity of each of a
plurality of line areas parallel to a flow direction of the river on the basis of the distance information and the flow
velocity information of each of the plurality of measurement areas, configured to calculate flow velocities at a
plurality of flow velocity measurement points corresponding to the flow velocities of the plurality of line areas
on the basis of the meteorological observation information around the river, the level information of the river,
the flow velocities of the plurality of line areas, and preset correction information, and configured to measure a
flow rate of the river on the basis of the flow velocities at the plurality of flow velocity measurement points and
the level information of the river.
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FIG. 5A
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FIG. 7B
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FIG. 9
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FIG. 11
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FIG. 12A
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FIG. 12B
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FIG. 13A
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FIG. 13B
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